Objective: To determine whether patients with different types of anxiety disorder (panic disorder, social phobia, generalized anxiety disorder) have higher heart rate and lower heart rate variability compared with healthy controls in a sample that was sufficiently powered to examine the confounding effects of lifestyle and antidepressants. Methods: The standard deviation of the normal-to-normal intervals (SDNN), heart rate (HR), and respiratory sinus arrhythmia (RSA) were measured in 2059 subjects (mean age ϭ 41.7 years, 66.8% female) participating in The Netherlands Study of Depression and Anxiety (NESDA). Based on the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition (DSM-IV) and Composite International Diagnostic Interview (CIDI), NESDA participants were classified as healthy controls (n ϭ 616), subjects with an anxiety diagnosis earlier in life (n ϭ 420), and subjects with current anxiety diagnosis (n ϭ 1059). Results: Current anxious subjects had a significantly lower SDNN and RSA compared with controls. RSA was also significantly lower in remitted anxious subjects compared with controls. These associations were similar across the three different types of anxiety disorders. Adjustment for lifestyle had little impact. However, additional adjustment for antidepressant use reduced all significant associations between anxiety and HRV to nonsignificant. Anxious subjects who used a tricyclic antidepressant, a selective serotonin reuptake inhibitor, or another antidepressant showed significantly lower mean SDNN and RSA compared with controls (effect sizes ϭ 0.20 -0.80 for SDNN and 0.42-0.79 for RSA). Nonmedicated anxious subjects did not differ from controls in mean SDNN and RSA. Conclusion: This study shows that anxiety disorders are associated with significantly lower HR variability, but the association seems to be driven by the effects of antidepressants. Key words: anxiety disorder, SDNN, RSA, cardiac vagal control, heart rate, antidepressants.
INTRODUCTION
A nxiety disorders have been associated with an increased risk of cardiovascular morbidity and mortality (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . One of the hypothesized causes for this association is a dysregulation of the autonomic control of the heart because autonomic nervous system (ANS) activity is associated with cardiovascular disease (CVD) and mortality (11) (12) (13) (14) (15) as well as anxiety disorders. Episodic acute "state" anxiety is characterized by an increase in heart rate (HR) paired to a decrease in total HR variability (HRV) and respiratory sinus arrhythmia (RSA) (16 -18) . The latter is often seen as the best available proxy for cardiac vagal control (19, 20) . Lower total HRV and cardiac vagal control are also found in subjects reporting chronic levels of anxiety, as assessed by "trait anxiety" inventories (21, 22) and in patients with a clinical anxiety disorder (23) (24) (25) (26) (27) . A recent review by Friedman (22) suggested that RSA is lowered most strongly in patients with panic disorder (PD), when compared with social phobia and generalized anxiety disorder. Friedman's review also detected substantial heterogeneity in the outcome across studies.
A potential limitation of the studies in clinical samples so far is that they were relatively small and, as a consequence, could not take into account potential confounders of the relationship between anxiety and HRV. Specifically, lifestyle factors and the use of psychoactive medication have not been taken into account in most of the studies to date. With regard to the latter, we recently showed that antidepressants had a major lowering impact on standard deviation of the normalto-normal interval (SDNN) and RSA in depressed patients (28) . The present study examines HR, SDNN, and RSA in subjects with a current or remitted anxiety diagnosis and healthy controls. The study was sufficiently powered to examine the extent to which a potential association between anxiety disorder and HR and HRV is confounded by a number of lifestyle factors and the use of antidepressants. We also examined whether differences in HR, SDNN, and RSA were consistent across different anxiety disorders (PD, social phobia, and generalized anxiety disorder) and whether these differences were larger for anxiety patients with a current diagnosis compared with those with a remitted diagnosis.
METHODS Subjects
Subjects participating in the present study came from The Netherlands Study of Depression and Anxiety (NESDA), an ongoing longitudinal cohort study conducted among 2981 adult subjects (age ϭ 18 -65 years) to examine the long-term course of depression and anxiety disorders. The rationale, methods, and recruitment strategy have been described elsewhere (29) . The NESDA sample consists of 652 persons without depression or anxiety disorders and 2329 with a (remitted or current) diagnosis of depressive or anxiety disorder. To represent various settings and stages of psychopathology, depressed or anxious subjects were recruited at three different locations in The Netherlands in different settings: community, primary care, and mental healthcare organizations. Community-based subjects had previously been identified in a population-based study, primary care subjects were identified through a three-stage screening procedure (involving the K10 (30) and the short-form Composite International Diagnostic Interview (CIDI) psychiatric interview by phone) conducted among patients of 65 General Practitioners; and mental healthcare patients were recruited when newly enrolled at one of the 17 participating mental health organization locations.
NESDA subjects were assessed between September 2004 and February 2007 during a 4-hour visit to one of the seven field center locations. During this visit, the presence of anxiety disorders was ascertained using the lifetime version of the CIDI psychiatric interview (World Health Organization (WHO) version 2.1). The CIDI establishes diagnoses according to the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition (DSM-IV) criteria (31) and has shown high interrater and test-retest reliability and high validity for anxiety disorders (32) . In addition, the severity of anxiety was measured among all subjects using the Beck Anxiety Inventory (BAI) (33) .
To test whether HR, SDNN, and RSA differed across persons with and without an anxiety disorder, three clearly distinct anxiety groups were created for the present study. The first group consisted of 616 control subjects with no history of any anxiety disorders, depression, or other psychiatric disorders. The second group consisted of 420 persons with an anxiety disorder-diagnosis (as defined by the CIDI) earlier in life but not in the past 6 months. This group was referred to as the remitted anxiety group. The third group-referred to as the current anxiety group-consisted of 1159 persons with a CIDI-confirmed anxiety disorder in the past 6 months (84% had experienced an anxious episode in the past month). The remaining 786 NESDA subjects were excluded from the analyses: 688 patients had a depressive disorder in absence of an anxiety disorder; 98 subjects had missing physiological data due to equipment failure during assessment or poor electrocardiogram (ECG) quality.
For additional analysis on anxiety subtype, the 1479 anxious subjects (remitted ϩ current) were further classified based on the CIDI data, in three variables assessing the presence or absence of remitted or current PD, remitted or current social phobia (SP), and remitted or current generalized anxiety disorder (GAD).
Measurements
The clinic visit consisted of a blood draw, a medical examination, supine rest with blood pressure recordings, psychiatric interviews, a cognitive computer task, saliva collection, and administration of several written questionnaires concerning mood state, lifestyle, medical history, and actual medication use. Extensive information about psychological, biological, physical, and demographic determinants was collected. The study protocol was approved centrally by the Ethical Review Board of the VU University Medical Center and subsequently by local review boards of each participating center. All subjects signed an informed consent at baseline assessment.
Physiological Measurement
HR and SDNN were assessed using a three-lead ECG signal that was measured by the VU-AMS. The VU-AMS is a light-weight ambulatory device that records the ECG and changes in thorax impedance (dZ) from six electrodes placed on the chest and back of the subjects (34, 35) . The respiration signal is obtained from the filtered (0.1-0.4 Hz) dZ signal. An automatic scoring algorithm detects the beginning and end of inspiration and expiration and computes the respiratory rate (RR) from these values. RSA was assessed by peak-valley estimation (pvRSA) using the combined ECG and dZ signals. Per breath, estimates of pvRSA were obtained by subtracting the shortest inter-beat-interval (IBI) during HR acceleration in the inspirational phase (which was made to include 750 milliseconds from the following expiration to account for phase shifts) from the longest IBI during deceleration in the expirational phase (including 750 milliseconds from the following expiratory pause/inspirational phase). When no phase-related acceleration or deceleration was found, the breath was assigned a pvRSA score of zero. Automatic scoring of RR and pvRSA was checked by visual inspection of the respiratory signal and IBI time series from the entire recording. Breathing cycles that showed irregularities like gasps, breath holding, coughing or that had IBI artifacts (ectopic beats or too long beats due to failed R-wave detection) were not considered valid and were rejected and removed from further processing. In the remaining data, the shortest and longest breaths as well as the breaths containing the shortest and longest IBIs (defined by 3 SD from the mean in either direction) were automatically removed from the entire recording before averaging pvRSA across all remaining breaths to a single mean pvRSA for each of the labeled periods. In total, 74 subjects were removed from the final data set because Ͼ25% of their breaths were discarded during automated or visual data cleaning (36, 37) . RSA can alternatively be assessed as the highfrequency power of the IBI time series by Fourier or Wavelet-analysis (38) but it has been shown that the time and frequency domain measures essentially pick up the same between-subject variation and can be used interchangeably (37, 39) . The advantage of pvRSA assessments is that they additionally yield the RR.
Recording is unobtrusive and subjects, who maintain full freedom of movement, tend to habituate very rapidly to this type of recording. NESDA subjects were wearing the VU-AMS device during a large part of the NESDA clinic visit, at the same time participating in the different assessment parts. The start of the various assessment stages was marked with an event marker to divide the total recording into fixed periods (resting baseline, breaks, interview 1, computer task, interview 2). Movement registration through vertical accelerometry was used to excise periods where subjects were nonstationary. Removal of breaks and nonstationary parts (about 15 minutes) resulted in the four conditions used in the final analyses: a supine rest condition with three blood pressure measurements (9.7 Ϯ 3.0 minutes), and three conditions with mild cognitive load in which the subjects were sitting upright: interview session 1 (investigating somatic health; functioning and healthcare utilization; sitting, 38.2 Ϯ 12.7 minutes); interview session 2 (investigating family and personal history and life events; sitting, 35.6 Ϯ 12.7 minutes); and a computer task (Implicit Association Task; sitting, 16.2 Ϯ 4.0 minutes). The Implicit Association Task is a computerized task designed to measure implicit associations between self items, on the one hand, and anxiety-related and depression-related items, on the other hand (40) .
Covariates
RR has often been associated with HRV and several studies suggested that research investigating HRV should take RR into account (34, 41) . Therefore, we adjusted analyses for RR. Sociodemographics included age, sex, and education in years. In addition, various health indicators were considered as covariates because these have been linked with both anxiety and ANS activity. Body mass index (BMI) was determined as measured weight in kilograms divided by the square of the measured height in meters. Physical activity was measured using the International Physical Activity Questionnaire (42) and expressed in MET-minutes per week (the multiple of one's resting metabolic rate times minutes of physical activity per week). Smoking status was defined as a dichotomous variable; nonsmoker versus smokers. Three categories were created for alcohol use: nondrinker, mild-to-moderate drinker ANXIETY DISORDERS AND HEART RATE VARIABILITY (Ͻ14 glasses a week), and heavy drinker (Ն14 glasses a week). Self-reports were used for ascertainment of the presence of heart disease (including coronary disease, cardiac arrhythmia, angina, heart failure, and myocardial infarction) and other chronic conditions (epilepsy, diabetes, osteoarthritis, stroke, cancer, chronic lung disease, thyroid disease, liver disease, chronic fatigue syndrome, intestinal disorders, and ulcer). Furthermore, it was determined whether subjects were using heart medication by copying the names of medicines from the containers brought in by the subjects. We classified medication using the WHO Anatomical Therapeutic Chemical (ATC) classification (43) . First, a dichotomous variable for the use of ␤ blockers was computed, scoring "yes" if subjects frequently (daily or Ͼ50% of the time) used a medication with ATC code starting with: C07 (␤ blocking agents). A second variable was made for the use of other heart medication using ATC codes starting with: C01 (cardiac therapy), C02 (antihypertensives), C03 (diuretics), C04 (peripheral vasodilators), C05 (vasoprotectives), or C08 (calcium-channel blockers).
In addition, we conducted additional analyses with covariates that may further explain a potential association between anxiety and HR and HRV function. First, because we recently found that antidepressants had a major lowering impact on SDNN and RSA in depressed patients (28) , frequent use (daily or Ͼ50% of the time) of antidepressant medication was considered as covariate. We distinguished selective serotonin reuptake inhibitors (SSRIs) (ATC code N06AB), tricyclic antidepressants (TCAs) (ATC code N06AA), and other antidepressants (including monoamine oxidase inhibitors, nonselective N06AF, and antidepressants classified as N06AX). Second, we explored whether the association between anxiety disorder and HR and HRV was explained by the presence of comorbid remitted or current major depressive disorder (MDD) as assessed using the CIDI psychiatric interview. Third, the importance of two indicators of severity of anxiety (BAI score and number of anxiety disorders present) in the association with HR and HRV was examined.
Statistical Analyses
Data were analyzed using SPSS 15.0. Characteristics across the three anxiety groups (controls, remitted, and current anxiety) were compared using analysis of variance (ANOVA) and 2 statistics. Mixed model analysis showed that differences in ANS measures between anxiety groups were similar for the computer task and interview parts and data during the computer task and interview parts were collapsed to create a single "test" condition to simplify analyses. ANOVAs were conducted separately for the rest and test conditions to compare HR, SDNN, and RSA between the anxiety groups. These analyses were repeated with consideration of covariates (RR, age, sex, education, BMI, smoking, alcohol use, physical activity, heart disease, heart medication, and chronic disease count). Subsequently, the role of two main explanatory variables (antidepressant medication and comorbid major depressive disorder) was examined by entering information on these variables in the analyses of covariance. 
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To examine whether different anxiety disorders had differential associations with HR and HRV, we conducted multivariate regression analyses on HR, SDNN, and RSA including covariates and anxiety subtype indicators. Finally, we distinguished anxious with and without various types of psychoactive medication and compared their HR, SDNN, and RSA with those of controls in fully corrected analyses of covariance (ANCOVAs). Effect sizes were calculated with Cohen's d (1988) defined as the difference in the mean RSA, SDNN, and HR between two groups, divided by the pooled standard deviation (SD) of these groups.
RESULTS
The mean Ϯ SD age of the study sample (n ϭ 2195) was 41.7 Ϯ 13.1 years, 66.8% was female, and 50.9% had Ͻ12 years of education. Table 1 shows the demographic characteristics, disease status, lifestyle habits, and medication use according to anxiety diagnosis. Of the individuals with a current anxiety disorder, 55.4% had a PD, 55.5% had a social phobia, and 38.2% had a generalized anxiety disorder. Compared with the nonanxious subjects, anxious subjects were more likely to be female, had less education, had a higher BMI, were more likely to smoke but less likely to drink, had more chronic diseases, were more likely to use antidepressants, had a lower RR, and had a higher BAI score. Table 2 presents the results of the unadjusted and adjusted ANOVA analyses on HR, SDNN, RSA for anxiety status for the rest and test conditions. Results showed that HR did not differ in either condition between current or remitted anxious subjects and healthy controls, independent of covariates. For b Additionally adjusted for body mass index, physical activity, smoking, alcohol use, chronic disease, ␤ blocking agents, other heart medication, and heart disease. SDNN ϭ root mean square of successive differences; RSA ϭ respiratory sinus arrhythmia; SE ϭ standard error. Table 2 shows that, in case of SDNN as well as RSA, correction for antidepressant use reduced the differences between the anxiety groups and the control group to nonsignificant. Table 3 presents the results of the nominal linear regression analyses using the separate anxiety disorders as independent predictors of HR, SDNN, and RSA. Model 1 includes all possible predictors and Model 2 additionally includes the use of different antidepressants. HR was not significantly different from controls in the rest or test condition in any of the three anxiety disorders. However, current anxiety disorders were associated with significantly lower SDNN and RSA, and RSA was also significantly lower in subjects with remitted anxiety disorders. Model 2 shows that all these associations became nonsignificant after adding TCA, SSRI, and other antidepressant use to the model. The use of especially a TCA had a major effect on both SDNN (for the rest and test conditions, B ϭ Ϫ15.340 and B ϭ Ϫ16.159, p Ͻ .001), and RSA (B ϭ Ϫ14.943 and B ϭ Ϫ15.334, p Ͻ .001). The use of an SSRI or other antidepressant also showed this effect, although with a more modest effect size (B values range ϭ Ϫ3.638 to Ϫ15.263; p values range ϭ .004 to Յ.001). Significant effects of antidepressant use were also found for HR; the use of a TCA or other antidepressant increased HR (for the rest and test conditions, respectively, B ϭ 7.811 to B ϭ 8.101, p Ͻ .001; and B ϭ 1.975 to B ϭ 3.054, p ϭ .02-0.001). Additional correction for comorbid depression did not change these effects as comorbid depression itself was not significantly associated with SDNN and RSA. Repeating the regression analyses in Table 3 with RSA divided by the IBI (as suggested by Grossman and Kollai) (44) yielded essentially identical results.
ANXIETY DISORDERS AND HEART RATE VARIABILITY
Because the regression analyses (Table 3) showed strong effects of antidepressants on the cardiac measures, we decided to analyze further the differences in HR, SDNN, and RSA between controls, anxious subject without medication and anxious subject on TCAs, SSRIs, and other antidepressants. Eventually, five groups of anxiety subjects were distinguished: 326 remitted anxious subjects without medication; 701 current anxious subjects without medication; 60 anxious subjects on a TCA; 376 anxious subjects on a SSRI (no TCA users); and 116 anxious subjects on other antidepressants (no TCA or SSRI users). ANCOVAs were performed to compare these groups with each other on mean HR, SDNN, and RSA. Table 4 provides the main characteristics of the anxious subjects with and without medication. Medicated anxious indi- MET ϭ multiple of the resting metabolic rate; RSA ϭ respiratory sinus arrhythmia; SDNN ϭ root mean square of successive differences; bpm, beats per minute; ms ϭ milliseconds; BMI ϭ body mass index.
viduals were older, had a higher mean BMI, performed less physical activity, drank less, more often used ␤ blocking agents and other heart or blood pressure medication, had more comorbid MDD and remitted anxiety disorder diagnoses, and had a higher mean BAI score. Although remitted and current anxious patients without antidepressant medication also differed significantly in BAI score (8.5 and 17.5, respectively), they both did not differ significantly from the controls in terms of HR, SDNN, or RSA in rest or test conditions adjusted for covariates (Table 5 ; Figure 1 ). Addition of the BAI score as a covariate did not change this outcome. In contrast, all anxiety patients on an antidepressant, with BAI scores similar to the current anxious patients without medication, had a significantly lower SDNN and RSA compared with the controls in both conditions (all p Յ .003 for SDNN and RSA), with effect sizes ranging between d ϭ 0.197 and d ϭ 0.799 with the highest effect sizes for TCA users. The antidepressants had parallel effects on HR, with the exception of SSRIs. Anxious TCA users had a significantly higher HR compared with controls with a large effect size (d ϭ 0.802-0.827). Smaller HR increases were found in anxious users of other antidepressants (p ϭ .09 -0.001 and d ϭ 0.172-0.339). In anxious SSRI users, the opposite effect was found such that HR was lower than in anxious subjects without medication, although only in the test condition (p ϭ .005 and d ϭ 0.185).
DISCUSSION
This large-scale cohort study showed that, when compared with healthy controls, subjects with an anxiety disorder have a significantly lower total HRV, an established risk factor for CVD (11, 15, 45) , and significantly lower RSA, which is con- a Comparison using analysis of variance (ANOVA) (continuous variables) and 2 statistics (categorical variable). b Percentages anxiety disorders do not add up due to comorbidity. TCAs ϭ tricyclic antidepressants; SSRIs ϭ selective serotonin reuptake inhibitors; SD ϭ standard deviation; BMI ϭ body mass index; MET ϭ multiple of the resting metabolic rate; BAI ϭ Beck Anxiety Inventory; nr ϭ number.
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sidered to reflect the lower cardiac vagal control (46, 47) that might underlie this increased risk (48) . The lower HRV was not specific to PD, but was found for all anxious individuals, whether afflicted with PD, SP, or GAD. Lower HRV, especially lower cardiac vagal control, was not only observed among current anxiety patients but also among those with a remitted diagnosis. In all instances, the effect sizes were very modest, with d values between 0.10 and 0.25. Very similar results were found in the supine rest condition and the (much longer) active test condition.
A major aim of the study was to examine the extent to which the potential association between the presence of anxiety disorders and HRV is confounded by lifestyle and use of antidepressants, and this may have been the first study sufficiently powered to do so. Compared with all previous studies, we used a large sample of patients with remitted or current anxiety, both medicated and nonmedicated, who were ascertained in multiple ways to obtain a representative population sample of patients. In addition, the availability of prolonged ambulatory recordings of SDNN and RSA in the nearly complete sample provided us with stable and reliable indicators. Our findings showed that lower HRV in anxious subjects survived adjustment for possible confounding factors as health indicators and lifestyle, but further adjustment for antidepressant use rendered all associations nonsignificant.
Considering the effects of age on the cardiac indices, our result are in line with other studies reporting significant decreases in HR and HRV with age (49 -52) . In our study, females had a significantly higher HR and RSA, but lower SDNN compared with males, which is in accordance with earlier findings (50 -52) . Although several papers have been published on HRV and obesity, few studies have addressed the relationship between HRV and continuous BMI, and findings have been inconsistent (50, (53) (54) (55) . In line with Kageyama et al. (55) and Britton et al. (53) , we found that an increase in BMI was significantly associated with an increase in HR and a decrease in SDNN, but the effect of BMI on RSA was not significant. We found no significant effect of smoking on HR and HRV, which concurs with some (55) but contrasts with other previous reports (56) . In contrast to many smaller studies a Adjusted for respiratory rate, age, sex and education, body mass index, physical activity, smoking, alcohol use, heart disease, chronic disease, and heart medication. b Control is the reference group. All p values and effect sizes are for comparison of the group in that specific line and control subjects. RSA ϭ respiratory sinus arrhythmia; SDNN ϭ root mean square of successive differences; TCA ϭ tricyclic antidepressant; SSRI ϭ selective serotonin reuptake inhibitor; AD ϭ antidepressant.
ANXIETY DISORDERS AND HEART RATE VARIABILITY reporting no effect or a detrimental effect of acute or chronic alcohol use on ANS functioning (55,57-61), we found that moderate and mild drinkers had a significantly higher HRV and lower HR compared with nondrinking individuals. Our results show that physically active subjects have a lower HR and higher SDNN, as observed previously (14, 62, 63) . RSA, however, was not significantly higher in the more active individuals. Although these lifestyle factors may act as potential confounders, multivariate analyses showed that they did not explain the lower SDNN and RSA in patients with anxiety disorders. Instead, this association seemed to be mainly driven by the effects of antidepressants. Anxious subjects receiving antidepressants showed significantly lower RSA (effect sizes between d ϭ 0.415 and d ϭ 0.783) and SDNN (effect sizes between d ϭ 0.195 and d ϭ 0.792), whereas differences between controls and anxious subjects without antidepressants were nonsignificant independent of present or past diagnosis. This effect was also independent of anxiety severity because current anxious subjects without and with medication hardly differed in BAI severity score, whereas they significantly differed in terms of HR, SDNN, and RSA. Also, additional correction for anxiety severity and comorbid MDD did not change the results. Although the effects of TCAs, which have previously been reported to have a powerful tachycardiac effect (64 -66) , were the most prominent (effect sizes ϭ around 0.8), the antidepressant effects were not limited to TCAs. Consistently lower SDNN and RSA were also found in anxious patients using SSRIs (effect sizes ϭ between 0.2 and 0.4) and other antidepressants (effect sizes ϭ between 0.5 and 0.6).
The above results and conclusions must be weighed by some limitations of this study. First, this study was performed Heart rate (bpm), SDNN (ms) and RSA (ms) in controls, anxious subjects without medication and anxious subjects on medication. * .05 Յ p Ͻ .10; ** p Յ .005; all p values compare anxious subjects with controls. HR ϭ heart rate; TCA ϭ tricyclic antidepressant; SSRI ϭ selective serotonin reuptake inhibitor; AD ϭ antidepressant; SDNN ϭ standard deviation of the normal-to-normal intervals; RSA ϭ respiratory sinus arrhythmia.
during a clinic visit involving uncommon procedures, unfamiliar research assistants, and interviews with questions of a personal nature. Anxious patients may be more inclined to respond to such challenges with decreased cardiac vagal tone, and our results may have partially reflected this. It is unclear, however, how this "laboratory anxiety" can account for the observed effects of antidepressant medication on RSA and SDNN. Nonetheless, generalizability to a more familiar and less stressful real life setting cannot be assumed without actual ambulatory recording. Second, the demands of the already vulnerable participants of this large longitudinal cohort study did not allow us to add a true stress condition to the design. The test condition was not intended to be stressful and the mild decrease in HRV levels compared with supine rest should be attributed mainly to the change in posture. Therefore, we could not test the idea that ANS reactivity to stressors differs between anxious subjects and healthy controls as is implied by theoretical models like the polyvagal theory and the autonomic flexibility-neurovisceral integration model (67, 68) . Finally, we cannot exclude systematic differences in cardiac sympathetic control or intrinsic HR between the various groups in this study, which may have affected our measures of HRV and cardiac vagal control. Medication-specific effects on sympathetic nervous system activity, for instance, might explain why we find lower HRV in anxious subjects using SSRIs but not higher HR. To resolve this, additional measures of cardiac sympathetic control would have been needed. In sum, our findings demonstrate that subjects with an anxiety disorder have a lower SDNN and RSA. The major part of this association was due to the effect of antidepressant use because the use of TCAs and SSRIs as well as other antidepressants had a pronounced effect on HRV. As it has been widely established that lowered HRV is a risk factor for cardiovascular morbidity and mortality (11, 15, 45, 48) , our findings of lower SDNN and RSA in antidepressant users could be of importance for clinical practice. However, cause and effect remain to be established. Before longitudinal follow-up data are available, we do not know whether the lower SDNN and RSA are caused by antidepressants and whether the low SDNN and RSA found in medicated subjects is reversed when subjects cease their medication. It is also an open question whether lower HRV found in antidepressant users is outweighed by the beneficial effects of antidepressant medication on anxiety and future heart disease.
